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TESTS OF TEE WCA @I410 AND 64A010 AIRFOIL SeCTIONS 

AT €UGH SUBSONIC MACH NUMBWS 

By Albert D. Hemenover 

Aerodynamic charac te r i s t ics  of the XACA 64410 and 64A010 a i r f o i l  
sections have been determined from w i n d - t u n n e l  t e s t s - a t  Mach nmibers 
from 0.3 t a  0.9. The corresponding  Reynolds nmiber var ia t ion w a s  from 
approximately 1x18 t o  2Xl.8. Comparisons are made which indicate the 
only significant  differences in the charac te r i s t ics  of the two sections 
t o  be a consistently greater l i f t -curve slope, and an approximately 
l 0 q e r c e n t  greater mxximum section l l f t  coeff ic ient  at Mach nmibers 
above 0.7 f o r  the WCA 64410 a i r fo i l   s ec t ion .  These differences axe 
a t t r i b u t e d   t o  the difference in trallbg-dge angles (approximately 6O 
mid l2O f o r  the EACA 64410 and 64A010, respectively) of the airfoil 
sect  ions. e 

INTRODUCTIOfI 

In practical   applications it has often been found desirable   for  
s t ruc tura l  convenience t o  remve  the CUSP from the trajUhg-edge portion 
of the prof i le  of NACA k e r i e s  a i r f o i l s .  To satisf'y the demand fo r  an 
a i r fo l l   s ec t ion   r e t a in ing  the charac te r i s t ics  of the NACA 6-series 
sections  but with a straight-sided after portion, the NACA 6A"series 
a i r fof l   sec t ions  were derived.  (See  reference 1.1 The trailing-edge 
angles  for the latter type a i r f o i l s  are considerably greater than for  
the RIGA k e r i e s ,  and questions have been raised concerning the e f f e c t s  
of  this diff%rence on the variat ion w i t h  Mach nunher of the aerodynamic 
character is t ics   of  the two types of a i r fo i l   s ec t ions .  The present 
investigation of the NACA 64-010 and 64A010 a i r fo i l   s ec t ions  was under- 
taken  in   the Ames 1- by 3-1/2-foot  high--speed wind tunnel  to  provide 
such  information  for  lO"percent+hord-thick  profiles.. 

NOTATIOR 

&O section liftccurve Slope, per degree 

Ca. sect ion drag coeff ic ient  
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section lift coefficient 

maximum section lift coefficient c~mELx 

C 
%/4 

section  pitching+omnt  coefficient  about the quarter-chord  point 

a0 section angle of  attack,  degrees 

The t e s t s  were conducted in  the Ames 1- by 3-1/2-foot high-speed 
w i n d  tunnel, a low-turbulence,  two-dimensional-flow w i n d  tunnel. 

Six-inch  chord models of the NACA 64-010 and 64A010 a i r f o i l  
sections were constructed of a luminum a l l o y  according t o  the coordinates 
af  table I. The difference in prof i le  of the two sections  can be seen 
in   f igure  1. 

The models completely spanned the 1-foot  dimension  of the tunnel 
tes t   sec t ion .   Spongedber   gapkets  compressed  between the model ends 
and the  tunnel w a l l s  were used t o  preserve two-dimensional flow by 
preventing end leakage. 

L i f t ,  drag, and pitching moment about the airfoi l   qusr ter-chord 
posit ion w e r e  measured eirmzltansously at Mach nunibers ranging from 0.3 
t o  0.9 for  the models at  angles of attack  increasing  by  increments of 
lo or  2O from 4° t o  EO. The range of w a s  suf f ic ien t   to  
encompass the l i f t  stall up t o  a Mach number of 0.8. The Reynolds 
nunibera varied from approximately W 1 O 6  at the lower Mach numbers t o  
approximately 2x10s at the  higher Mach nunibera. 

L i f t  forces and pitching moments were determined by a method simi- 
lar t o  that described i n  reference 2 from measurements of the  pressure 
reactions on the tunnel w a l l s  of the forces  on the a i r f o i l s .  Drag 
forces were determined from wake"survey measurements made w i t h  a rake of 
total-head  tubes. 

RESULT6 AM, DISCUSSION 

Section lift, drag, and quarter-chord pitching-moment coefficients 
are  presented as functions of Mach nuniber at constant angles of  attack 
i n  figures 2, 3, and 4, respectively,  for the RAW 64-010 and 64A010 
a i r fo i l   sec t ions .  The a n g l e s  af  attack  indicated  represent nominal 
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values only, and are subject   to  a possible  experimental e r r o r  amounting 
t o  as much as 0.10. Corrections fo r  tunnelaall   interference by the 
methods of reference 3 have been applied t o  the data. The broken l ines 
on the  figures  serve  to  indicate  the  region of possible  influence of 
wind-tunnel chokhg  effects on the  results.  

L i f t  Characteristics 

The variations of section l i f t  coefficient  with Mach  number are 
seen from figure 2 t o  be  very similar for   the NACA 64410 and 64AOlO 
yections. The asymmetry of the  curves of' figure 2(b) about the  zero 
l i f t   l i n e  is believed t o  be due t o  a consistent  error  in  the  setting 
of the model angle of attack. The  Mach  numbers for lif't divergence and 
the  variations of l i f t  coefficient above the  lift-divergence Mach  numbers 
are virtually  the same for  the two prof i les   a t  a given angle of attack. 

The principal  difference  in  the l i f t  characteristics of the NACA 
64-010 and 64A010 airfoil sections  is  indicated  in  figure 5,  depicting 
the  variation of l i f t  coefficient w i t h  angle of attack  at  constant Mach 
numbers for the two sections. A t  Mach numbers greater than 0.7, the 
maximum l i f t  coefficient is approximately 10 percent  greater  for  the 
NACA 64-010 than for   the NACA 64~010  airfoil   section. The difference 
is more clearly  indicated  in  f igure 6, which i l lus t ra tes  the variation 
of  maximum section l i f t   coef f ic ien t   wi th  Mach  number for  the two profiles. 

- The l i f t -curve slape variations  with Mach  number are presented in 
f igure  7 . for   the two airfoi l   sect ions.  The slope for the NACA 64-010 
section is consistently  greater  than  that  for the NACA 64AO10 section. 
A similar result has been  observed in  tests of 12-percenhhord  thick 
sections and h & ~  been attr ibuted t o  a difference  in  profile  trailing- 
edge angle. The t ra i l ingddge  angles for  the NACA 6h-010 and 64~010 
sections are approximately 6 O  and 120, respectively. The resul ts  of 
as  yet  unpublished tests on the effects of systematic  variation of 
trailing-edge angle on t h e   c w a c t e r i s t i c s  of an airfoi l   sect ion 
support  the  belief that the  differences observed in  the  present  investi- 
gation  in  both  the  l if t-curve  slope and the maximum l i f t   coe f f i c i en t s  
a t  Mach  numbers above 0.7 are due t o  the  difference  in  trail ing4dge 
angle. 

, Drag Characteristics 

There is no sensible difference in the  variation of section  drag 
coefficient with Mach  number for  the WACA 64410 and 64A010 a i r f o i l  
sections  (fig. 3 ) .  The dragilivergence Mach  numbers a t   the  lowest l i f t  
coefficients are slightly  higher  for  the NACA 64A010 section,  but  the 
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rate of rise of drag  coefficient w i t h  Mach  nuaiber is the same for  the 
two prof i les  . 

Inspection of figure 8 reveals some differences in  the variation 
of drag coefficient  with lift coefficient. A t  Mach nunibers  above 0.65, 
the drag coefficient  for the NACA 64-010 airfoil   section  increases less 
rapidly w i t h  lift coefficient than does that fo r  the NACA &A010 
section. The minimum drag  coefficients are somewhat lower fo r  the 
latter section, however. 

Pitching-Momnt  Characteristics 

The respec t ive-vmia t ios  of pitching-moment coefficient  with Mach 
number at constant  angles of a t tack  ( f ig .  k ) ,  asd w i t h  lift coefficient 
at constant Mach numbers (f ig .  9 )  are essent ia l ly   the same fo r  the mACA 
6b-010 and 64A010 airfoil   sections.  

From the results of wind-tunnel tests of the HAW 64-010 and 64A010 
airfoi l   sect ions a t  Mach nmibers from 0.3 t o  0.9, it i s  concluded that 
the lift characterist ics of the two airfoi l   sect ions  dfffer  senaibly 
only in  the slope of the lift curve and in the magnitude of the maximum 
l i f t  coefficient at Mach numbers  above 0.7. The lift-urve  slope  for 
the former i s  consistently  greater  than that for  the mACA 64A010 a i r f o i l  
section. The maximum lift coefficient a t  Mach numbers above 0.7 i s  
approximately 10 gercent greater fo r  the mACA 64-010 section. These 
differences 83'8 attributable t o  the smaller trailing-edge angle of the 
latter section. 

The drag and pitching-oment character is t ics  of the two sections 
are, in general, the same. A s l igh t ly  lower minimum drag coefficient 
at Mach numbers  above 0.6 for the NACA 6kA010 airfoi l   sect ion is  
balanced by a more favorable  variation of '  drag coefficient w i t h  lift 
coefficient  for the NACA 64-010 section. 

Ames Aeronautical  Laboratory, 
National Advisory Committee for  Aeronautics, 

Moffett  Field, C a l i f .  

t 
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TABm I. - AlRFoIL cOoRD1mms 
[Stations and ordinates Fn percent of w i n g  chord] 

E 

Station 

0 
05 
9 75 

1.25 
2 -5 
5 -0 
7.5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

.CA 64-010 
Upper or lower 

surface ordinate 

0 
.820 
989 

1.250 
1.701 
2 343 
2.026 
3.221 
3.842 
4.302 
4 - 639 
4.864 
4.980 
4.908 - 
4.843 
4.586 
4.238 
3.820 
3 345 
2.827 
2.281 
1.722 
1.176 

.671 

.248 
0 

L.E.Radiua 0.720; 
Percent  c 

I 

Stat ion 

0 
-5 
9 75 

1.25 
2.5 
5 .O 
7.5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

CA 64AOlO 
Upper or lower 
surface ordinate 

0 
,804 
969 

1.225 
1.688 
2 327 
2.805 
3 199 
3 813 
4.2'72 
4.636 
4 837 
4.968 
4.995 
4.894 
4.684 
4.3m 
4.021 
3 597 
3 . u 7  
2.623 
2.103 
1.582 
1.062 

.541 

.021 

L.E .Radius 0.687; 
T .E .Radius 0.023; 

Percent c 
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(a) NACA 64-010. 

"!T 
(b) NRCA 64AOlO. 

Figure l. - Airfoil  profiles. 

. .. . 



8 NACA RM ~ 9 ~ 3 1  

(QJ NACA 64-O/O. 
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figure 2. - ConcIuded. 
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(01 NACA 64-O/O. 
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Figure 3.- The vuthfion of secff'on drug coefficienf with Mach 
number ot vuriou8 ungles of uttuck. 
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(&I NACA 64AOlO. 



Much number, M 

(a/ NACA 64-O/O, 

Hgure 4. - The wurhtion of secfion pitching -moment coefficient 
with Much number ut vorious ong/es of utfock 
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c 4,  

(0) NACA 64-010. 

FiWt8 5. - The variation of section lift coefficient with ongle of attack ot vQT/oub 
Mach numbers. 
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. Much nuhber, M 
Figure 6. - The variation of maximum  section lift coefficienf 

with Mcrch number for the NACA 64-010 and the NACA 
64AOl0 uidoi/s, 

Much number, M 
Figure 1. - The vwiufion of secfion lift -curve slope wifh. 

Much number for  the ffACA 64-0/0 und the NACA 
64AO/O dffoils. 
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. 

II 

c 

, 10 

.08 

,06 

.04 

,OP 

0 

Figure 8. - Conc/uded. 
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.875 

.80 

,775 

/ d  NACA 64 -010. 
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